and Free Testosterone (FT) 
I.
Introduction:
Diabetes mellitus is a disease which is characterized by increased blood glucose levels known as hyperglycemia due to abnormality either in insulin secretion, insulin action, or both [1] . There are two types of diabetes mellitus; Type 1 diabetes and Type 2 diabetes.
Type I diabetes is a multifactorial autoimmune disease due to severe insulin deficiency that is influenced by environmental and genetic factors. Type 2 diabetes is a non-immune disorder with varying degrees of insulin resistance and impaired insulin secretion usually associated with obesity [2] . Type 2 diabetes (which accounts for over 95% of diabetes worldwide) results from a complex gene environment interaction for which several risk factors, such as age, sex, ethnicity, family history, obesity, and hypertension, are well documented [3] .
Obesity is defined by the Centers for Disease Control as a body mass outside the range of that which has been determined to predict healthy outcomes; a determination made through the use of the body mass index (BMI), which is based on height and weight. The BMI classification by the National Heart, Lung, and Blood Institute for adults (age 18-85) defines an individual as being overweight for BMI between 25 and 29.9 kg/m², and obese for BMI greater than 30 kg/m² [4] . In obesity the initial deposition of triglycerides occurs in subcutaneous adipose tissue and as this increases in size insulin resistance will rise and limit further subcutaneous lipid accumulation reference [5] .
Infertility is defined as inability to achieve conception within one year [6] . The couple who has not conceived after 12 months is the lowest reference limit for Time to Pregnancy (TTP) by the world health organziation [7] . Infertility is primary if there has never been a conception and secondary if there has been at least one conception. Subfertility and subfecundity are also used in some studies as synonyms to infertility [8] .
Diabetes Mellitus (DM) is known to cause many systemic complications and male infertility [9] . In a retrospective analysis, it has been found a very high prevalence of subfertility (51%) among diabetic patients [10] . Several studies have highlighted the high prevalence of low Total Testosterone (TT) and Free Testosterone (FT) in men with type 2 diabetes and demonstrated links with visceral adiposity, insulin resistance, HbA₁C, and symptoms of hypogonadism such as Erectile Dysfunction (ED) and low sexual desire [11] .
Testosterone production is regulated by the hypothalamic-pituitary-testicular (HPT) axis. Testosterone deficiency can result from a disease of the testes (primary hypogonadism), defects of the pituitary or hypothalamus (secondary hypogonadism), or a combination of primary and secondary causes [12] . Measuring leuteinizing hormone (LH) and follicle-stimulating hormone (FSH) levels can distinguish between these etiologies [12] . Men with primary hypogonadism are expected to have low testosterone in association with elevated LH and FSH levels. By comparison, men with secondary hypogonadism also called hypogonadotropic hypogonadism will have low testosterone and low or normal LH and FSH levels [12] .
Observational studies consistently show that men with diabetes have lower TT levels than nondiabetic controls [13] . At least 25% of men with T2DM have evidence of secondary hypogonadism, and an additional 4% have primary hypogonadism [14] . Low testosterone concentrations in men have been shown to be associated with obesity and T2DM [15] . Plasma-free testosterone, total testosterone and sex hormone-binding globulin are low in obesity and recover in proportion to the degree of weight loss [16] . The pathophysiology of low plasma testosterone in men with T2DM as well as the broader neuroendocrine signalling processes by which the metabolic milieu influences reproduction remains poorly understood [17] .
II. Subjects an methods :
This case-control study was carried out at Al-Amam Ali Hospital and The Specialized Center For Diseases of Endocrines & Diabetes, Baghdad-Iraq, during the period from December 2011 to April 2012 . It consisted of 63 male patients with type 2 Diabetes Mellitus (DM) and 25 healthy controls . Diabetic patients were further subdivided into the following groups according to their BMI as: 1. Diabetic Normo BMI group that consisted of 28 diabetic male patients with BMI range between 18 -25 kg/m² and aged ( 40 -61 years ), 2. Diabetic Overweight group that consisted of 11 diabetic male patients with BMI range between 25 -30 kg/m² and aged ( 40 -63 years ), and 3. Diabetic Obese group that included 24 diabetic male patients; their BMI was over than 30 kg/m² and aged (40 -62 years ). The control group involved 25 heathy fertile men their BMI between was 18 -25 kg/m², and ages between ( 40 -63 years ). Each control subject must has had normal fasting serum glucose, HbA₁C value and without any history of diabetes mellitus, primary and secondary causes of infertility.
Blood sample was taken in the fasting state from peripheral vein of each patient and control. The blood divided into two fractions; one in EDTA anticoagulant tube for HbA₁C measurement and other in plain tube . The plain tube blood sample allows to clot for 30 minutes, centrifuged at 3000 r.p.m, and the separated serum was stored at -20 ⁰C until the day of the following investigations; Fasting serum glucose, lipid profile parameters including total cholesterol(Tch), triglyceride(TG), high density lipoprotein-cholesterol(HDL-C) and low density lipoprotein-cholesterol(LDL-C), Free testosterone(FF), FSH , LH and prolactin .
SPSS version 18 for window was used for all statistical analysis . Statistical significance was assessed by ANOVA and student t-test. The linear regression test was applied for the correlation between different parameters, and the significance of the r-value was checked using t-test. P-value of less than 0.05 was considered significant.
III.
Results: Table 1 shows the mean (±SD) values of clinical data for diabetic ( obese, overweight, normoBMI ) patients and healthy controls . The results revealed that there were no significant differences in the mean (±SD) values of age for diabetic groups (obese, overweight, normoBMI) and healthy controls. The mean values of BMI of diabetic obese (33.40±3.33 kg/m², P<0.0001) and diabetic overweight (27.85±1.24 kg/m²,P<0.001) groups were significantly higher than that of diabetic normoBMI (22.49±2.14 kg/m²) and of healthy controls(22.06±1.62 kg/m²)( Table 1) . significantly between patient groups and healthy controls as well as patient groups themselves .The results revealed that the mean values of serum prolactin were significantly increased in diabetic obese(7.28±4.16 ng/ml , p<0.001) and diabetic overweight (9.06±9.23 ng/ml , p<0.008) when compared with that of diabetic normoBMI(3.70±2.72 ng/ml). However, the mean (±SD) value of serum prolactin did not differ significantly among other groups. With regard to free testosterone, the mean(±SD) value of serum free testosterone levels in diabetic obese(3.54±1.79 Pg/ml) was significantly decreased in comparison with that of diabetic overweight (5.20±1.82 Pg/ml , p<0.016) and healthy controls(5.79±2.71 Pg/ml, p<0.001). Furthermore, the mean (±SD) value of serum free testosterone of diabetic overweight and diabetic normoBMI were lower than that of healthy controls, but did not reach the significant level. This study also revealed that there was significant negative correlation between serum free testosterone levels and the values of HbA₁C in diabetic obese patients(r= -o.455, P<0.025). Also, there was significant negative correlation between serum free testosterone levels and serum TG concentrations in diabetic overweight(r= -0.645, P<0.032). Table- * t-test revealed significant difference between; diabetic obese and healthy control, diabetic overweight and healthy control, diabetic normoBMI and healthy control (p=0.0001) . ** t-test revealed significant difference in FSG between diabetic obese and diabetic normoBMI (p=0.008), in HbA₁C between; diabetic obese and diabetic normoBMI (p=0.025), diabetic overweight and diabetic normoBMI (p=0.017) . *** not significant 
Discussion:
The results of this study showed that the mean (±SD) value of FSG and HbA₁C were significantly increased in diabetic patient groups compared with healthy controls ( Table -2 ). These results can be explained by poor glycaemic control in diabetes patients with persistent excess of plasma glucose that would overwhelm the glycolytic enzymes. The excess glucose would then be shunted into other metabolic pathways such as glycosylation, glucose autoxidation, and glucosamine pathway, forming reactive oxygen species (ROS) [18] .
Another cause can be contributed to decline in β-cell function leading to reduced insulin production at normal concentration, non-esterified fatty acid (NEFA) is a source of energy for β-cell. If non-esterified fatty acid is elevated for prolonged period is toxic to the β-cell, causing decreased glucose induced insulin secretion [19] , impaired insulin gene expression, and increased cell death. This is called lipotoxicity, and is another cause of progressive decline in β-cell function leading to reduced insulin production seen in diabetes patients with poor glycaemic control [19] . Additionally, the level of HbA₁C in a blood sample provides a glycemic history of the previous 70 days. "American Diabetic Association" (ADA) recommends measuring HbA₁C at least 2 times per year for diabetic patients [20] . The normal range of HbA₁C test for nondiabetic people is between 4.2 -6.2%. In diabetic patients the recommended value by "International Diabetes Federation" and "American College of Endocrinology" is below 6.5%, while acceptable level of ADA is below 7% [20] .
In the present study, diabetic obese patients had the lowest mean value of free testosterone compared with diabetic overweight and diabetic normomBMI as well as with healthy controls. The normal mechanism of the regulation of testosterone production in the gonadal healthy men depends on the hypothalamic -pituitarygonadal (HPG) axis. The defect in the hypothalamus or pituitary result in low testosterone levels because of insufficient stimulation of the Leydig cells. It is also associated with low or low-normal FSH and LH levels [21] . Moreover, low testosterone concentrations are known to occur in association with obesity and type 2 diabetes, several studies have addressed for the causes. It has been suggested that the increase in adipose tissue mass in obesity may result in increased aromatase activity and thus lead to a greater conversion of testosterone into estradiol. The estradiol negatively feeds back on the HPG system, reducing testosterone production in the Leydig cells. Increasing adipose tissue increases insulin resistance, which negatively impacts the Leydig cells as well as inhibiting the release of luteinizing hormone (LH) via the release of adipokines (inflammatory cytokines) such as tumor necrosis factor-a (TNF-a). Leptin, released in response to increased adiposity, also inhibits the release of LH via its effect on the release of gonadotropin-releasing hormone [22] . A decreased of free testosterone levels and increased HbA₁C values in diabetic obese of the present study is consistent with the clinical and experimental studies demonstrated that diabetes caused altered gonadotrophic hormones, resulting in reduced testicular hormone secretion [23] .
